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Buabl U3nyyeHuu.

B HacTosiLee Bpemsi Mbl 3HaeM 6 BUOOB U3NYy4YEHUS - raMMa-nu3rnyyeHue,
PEHTTEHOBCKOE M3My4YeHue, ynbTpadnoneToBoe M3nyyYeHne, onTuyeckoe
N3ny4YyeHne, NHpakpacHoe N3ny4YeHne n pagnoBOnHbI.

B aTon npeseHTaumm Mbl paCCMOTPUM Kaxaoe N3 3TUX U3nyyYyeHnm, a UMeHHO nx
CBOMWCTBA U NPUMEHEHME.
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PaanoBOrHbI.

PagnoBonHbl 6b61nv oTKPbIThI ewé B 19 Beke, ux Habntogan epy, B cBOUX
aKcnepumMmeHTax, nepsble ucnoiTaHna npownn yxe B 20 Beke B JleHnHrpaze.

PaanoBOnHblI — 3TO 3MIEKTPOMAarHUTHbIE KornebaHusi, pacnpoCcTpaHAKLLINECS B
npocTpaHcTBe co ckopocTbio ceeTa (300 000 km/c). CBeT Takke OTHOCUTCS K
SNEKTPOMAarHUTHbLIM BOMHAM, YTO U onpeaensieT nx BeCbMa CXoXue CBOUCTBA
(OTpaxeHue, NpenomMreHune, 3atyxaHme 1 T.n.).

PaanoBosiHbl NEPEHOCAT Yepes3 NPOCTPAHCTBO SHEPTUIO, U3NYyYaeMYHo
reHepaToOpPOM SMNEKTPOMArHUTHbIX KonedaHuin. A poXxaarTcs OHU NPU N3MEHEHUM
SNEKTPMUYECKOro Nnosisi, Hanpumep, Koraa Yyepes NPoOBOAHUK NPOXOAUT NEPEMEHHbIN
SNEKTPUYECKNI TOK, UNW KOrga Yepes NpoCTPaHCTBO NPOCKAKMUBAKOT UCKPbLI, T.€e. psig
BLICTPO crnegyrowWwmnx apyr 3a Apyrom MMnynbLCoB ToKa.

ONEKTPOMarHMTHOE N3ryyYyeHne xapakTepusyeTcsl YacTOTON, ANIMHOW BOSHbI U
MOLLIHOCTbIO MEPEHOCUMON SHEPTUN.




CeoucTBa pagnoBOJiH.

CBouncTBa paguoBOJIH MO3BOMAIT MM CBOOOAHO NPOXOAUTL CKBO3b BO34YX UMK
BakyyMm. Ho ecnn Ha nyTu BOMHbI BCTpeYaeTca MeTanmM4yeckum npoBog, aHTeHHa Unu
noboe gpyroe npoBoasLlee Tesio, To OHW OTAAlT €My CBOK 3HEPruto, Bbi3bliBas TEM
caMbIM B 3TOM MPOBOAHMKE NepeMeHHbIN ANIEKTPUYECKNN TOK. HO He BCS aHeprus
BOJTHbI MOrMoLaeTcs NPoBOLHNUKOM, YaCTb ee OTpaXaeTcs OT NOBepPXHOCTU. Ha aTom
CBOWUCTBE OCHOBaHO NPUMEHEHWE 3NIEKTPOMAarHUTHbLIX BOSTH B pagnonokauun.

[MaBHOE CBOMUCTBO PaAnNOBOJIH
3aKo4alTCHa B TOM, YTO OHU CNOCOOHbI
NnepeHoOCUTb Yepes NpPoCcTpaHCTBO
QHEPInto, N3JTy4aemMyro reHepaTtopom
AJIEKTPOMArHUTHbIX kKonedaHun.
KonebaHus xxe BoO3HUKaT npn USMEHEHUN
AJTIEKTPUNYHECKOIO MOoJiA.




[lpmMeHeHne paguoBOIH.

PaanoBonHbl, Kak cpeacTBo Ans 6ecnpoBogHOW rnepeagayn 3ByKOBOW, BUOAEO U
NHOW MHOPMaLMKM Ha OCTAaTOYHO 3HAYUTESbHbIE PACCTOAHUSA, MNPUOBpPENo
NoNynApPHOCTb U LLUMPOKYI0 cdhepy MCnonb3oBaHUA. IMEHHO paanOBOSIHbI Nnexart B
OCHOBE OpraHu3auum MHOIMx COBPEMEHHbIX NPOLIECCOB, CPean KOTOPbIX:
pagunoBellaHne, TeneBnageHne, pagmnorternedoHHas CBA3b, pagnoMeTeOPOorus,

pagunornokaums.




NHdpakpacHoe nany4veHue.

UHdpakpacHoe usnyyeHme — arekTpoMarHMTHOE n3rny4vyeHue, saHumatoulee
CreKkTpanbHyto 0bnacTtb Mexay KpacHbIM KOHLOM Buanmoro ceeta (A = 0,74 MKm) n
MUKPOBOJSTHOBbIM n3ryyeHnem (A ~ 1-2 mm).

OnTunyeckne cBOUCTBA BELWLECTB B MH(PpaAKpaCHOM N3NyYEHUN 3HAYUTESTbHO
OTNKMYyarTCs OT UX CBOUCTB B BUOMMOM U3My4eHun. Hanpumep, crion Boabl B
HEeCKOJNbKO CaHTUMETPOB Hernpo3payeH and MHdpakpacHoro nsnyyeHnsa c A = 1
MKM. VIHdopakpacHoe nanyyeHne coctasfisieT OONbLUYIO YacTb U3Ny4YeHUs famn
HakanmBaHu4, rasopaspagHbix fiammn, okoro 50% wnany4vyenusa ConHua.
NHdpakpacHoe nanyyeHune 6uino oTkpbiTo B 1800 rogy aHrmMncKnm acTpoOHOMOM
Y. lepwenem. 3aHnmasicb uccnegosaHnem ConHua, epwens nckan cnocob
YMEHbLUEHNS HAarpeBa MHCTPYMEHTA, C MOMOLLbIO KOTOPOro BENMCb HabnogeHus.
Onpepgensia ¢ NOMOLLbI0 TEPMOMETPOB AEUCTBUSA pasHbIX y4aCcTKOB BUANMOIO
cnekTpa, [epwiens 0bHapPYXXWI, YTO «MAKCUMYM Tensia» NeXxuT 3a HacbIWEHHbIM
KpaCHbIM LIBETOM M1, BO3MOXHO, «3a BUOANUMbIM MPENoMIeHNneEM». 3TO
nccrengoBaHme NosioXnno Havyasno U3yvyeHuto MHPaKpPacHOro N3nyvyeHus.



CBouncTtea MHMPaKpacHOro N3ryvyeHus.

OnTuyeckmne cBoMCTBaA BeLLECTB (NPO3padvHOCTb, KOIMULNEHT OTPaKEHUS,
npernioMrieHns) B HppakpacHom obnacTu cnekTpa, Kak npaBuno, 3Ha4YnTeNbHO
OTNNYaKTCs OT TEX XK€ CBOUCTB B MPUBbLIYHON AOS19 HAcC BUAMMOW obnacTu.

Y 6onblWKMHCTBA MeTansioB oTpaxaTtefibHas CNoCOBHOCTb AN MHJIpaKpaCHOro
N3ryyYyeHns: 3Ha4nTENbLHO bonbLle, YeM a5 BUANMOro CBeTa, U BO3pacTaeT C
yBeJIM4eHNEM ONMHbI BOSTHbI.

MaTtepuansl, npo3payHble ans NK-nyyen n obnagatowine BbICOKOU
CMNOCODOHOCTLIO K UX OTpaXeHuto, ncnosnb3yttcs npu cosgaHum NK-npndopos.

www.imagingl.com



[TpumeHeHne UK-nanydeHuns.

NHdpakpacHoe nanyyeHme NpuMEHSItoT B: MeauLMHe; AUCTaHLMOHHOM
yrnpaBrneHnn; Npu Nokpacke (Assi CyLIKN NTakoKpaCcOYHbIX MOBEPXHOCTEN); AN
CTEPUNU3aALIN NULLEBLIX NPOAYKTOB; KAk aHTUKOPPO3UNHOE CPEACTBO (C Lienbto
NpeaoTBpaLLEHNS KOPPO3MM MOBEPXHOCTEN, MOKPbIBAEMbIX TAKOM); NPOBEPKa
OEHEXHbIX 3HAKOB Ha NOAMMHHOCTL; AN oborpeBa NOMELLEHMS.
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HOYbIO OH NpuAaeT 3a Tobon!
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PeHTreHoBCKOE MU3ny4yeHue.

PEHTTEHOBCKOE U3NTYHYEHUE — He Bnaumoe rnasom anekTpomMarHuTHoe
nany4eHme ¢ anvdon BonH 107"—107"2 m. OTkpbITo B 1895 . HEeM. PU3MKOM

B. K. PeHTreHom (1845—1923). cnyckaeTcsa npn TOPMOXEHUN DbICTPbIX
9JIEKTPOHOB B BelleCcTBe (HENPEPbIBHbLIN CNEKTP) N MPU Nepexogax 3neKTpoHOB C
BHELUHMX 3NTIEKTPOHHbIX 0O60M04YeKk aToMma Ha BHYTPEHHUE (NUHENYaTbIN CNEKTP).
ACTOUYHMKaMM ABNAKOTCA: HEKOTOPbLIE paAnNoaKTUBHbIE U30TOMbI, PEHTrEHOBCKad
TpybKa, yCKOPUTENN N HAKONUTENWU 3MNEKTPOHOB (CUHXPOTPOHHOE U3ITyYEHHUE).

PeHTreHoBckoe usny4eHume Cupuyca B, cHuUmok nonydeH cnytHukom YaHgpa.



CBoWCTBa PEHTreHOBCKOro 1U3ny4veHus.

OCHOBHbIE CBOWUCTBA PEHTIEHOBCKOro U3nydeHuns: nHTepdepeHuuns, audppakumd
PEHTIEHOBCKMX NTy4eN Ha KpUcTansmyeckoun peLletke, bonbluas npoHmnkarowasa
CMNOCOOHOCTb, Y HEKOTOPbLIX BELLECTB Bbl3biBaeT (OrHOOPECLIEHLNIO.




an/IMeHeHI/Ie PEHTIEHOBCKOIO U3Iy4YeHU4.

[Tpy nomMoLLM PEHTIEHOBCKNX Ty4EN MOXHO «MNPOCBETUTLY» YEroBEYEeCKOE TeMNo, B
pesynbraTe Yero MOXHO Nony4YnTb N306paxkeHne KOCTen, a B COBPEMEHHbIX
npubopax n BHyTPEHHUX OPraHoB (peHTreHorpadus N PEHTreHOCKoNus).
BbissBrnieHne gedekToB B n3genusax (penbcax, CBapoYHbIX WBax U T. 4.) C MOMOLLbIO
PEHTrEeHOBCKOIro U3Sly4eHUs Ha3blBAETCHA PEHTIEHOBCKOW AedEKTOCKOMNUEN.

B matepuanoBegeHumn, kpuctannorpaum, XmMmmm n ONOXMMmUmM peHTreHOBCKMNE Ny4un
NCMNONb3YHTCS A5 BbIACHEHUS CTPYKTYpPbl BELLECTB HAa aTOMHOM YPOBHE Nnpu
NoMoLLUM AnNdpakLUMOHHOIO paccesiHUS PEHTreHOBCKOro N3ny4vyeHunsd
(PEHTrEHOCTPYKTYPHbIN aHanus). M3BeCTHbIM NPUMEPOM SBNSAETCS onpeaerieHne
cTpykTypbl AHK.

[Mpy nomMoLLM PEHTIEHOBCKNX JTy4en MOXET ObITb onpeaeneéH XMMNYeCcKuin cocTan
BeLLecTBa.

B asponopTtax akTMBHO MPUMEHSIOTCA PEHTIEHO-TENTIEBU3NOHHbIE MHTPOCKOMbI,
NO3BOSISAOLWME NPOCMaTPMBaTbL COAEPXNUMOE PYyYHOM Krnagum n daraxa.



P aktnBHoM Nanaktukuw.



OnTnyeckoe nsnyyeHue.

OnTnyeckoe nsny4vyeHne — 370 CBET B LLUMPOKOM CMbICIe CroBa,
9J1IEKTPOMarHUTHbIE BOJSTHbI, OSIMHbI KOTOPbIX 3aKMn4YeHbl B Anana3oHe C
YCNOBHbIMU rpaHnuamun ot 1 Hv go 1 Mmm. NloMmMmMo BOCNPUHNUMAEMOro
4YernoBevyeCKMM rnasomMm BUOAUMOIo N3nyyYeHud, K 3ToMy Buay UsnyvyeHnm OTHOCATCSA
NH(PpakKkpacHoe nanydeHne n ynsrpadmoneToBoe nsnyyeHue. [NapannensHoln
TepMuHy "O. n." TepMUH "CBET" NCTOPUYECKN UMEET MEHEE onpeaereHHble
crnekTparnbHbl€ FPaHnLbl - YacTo MM 0D03HaYaloT HE BCE ONTUYECKME U3NYYEHUS,
a Nilb ero BMaMMbIn nogamanasoH. [nsa ontu4yeckux MeTogoB uccnegoBaHus
XapakTepHO oopMmnpoBaHMe HarnpasBlieHHbIX MOTOKOB U3STy4YEHUSA C NOMOLLbIO
OMNTUYECKMX CUCTEM, BKITHOHAOLLKMX NMNH3bI, 3epKarna, Nnpu3Mbl ONTUYECKUE,
ONPpaKkLMOHHbIE PELLETKN U T.4.

ANMHSG BOIMMviss, v




CBoWCTBa ONTUYECKOro N3Ny4YeHus.

BonHoBble CBOMCTBA ONTUYECKOIo N3ny4yeHus 00ycnoBnuBatoT siBNeHNs dugpakuuu
ceema, UHmepgepeHyuu ceema, rosnspusayuu ceema v ap. B To e Bpems psaa
ONTUYECKNX SABMEHN HEBO3MOXHO NOHATL, HE NPUBIIEKada npeacraBneHnsa ob
ONMTUYECKOM M3MTYyYEHNMN KaK O NMOTOKE DbICTPLIX YacTul, - GOTOHOB. JTa
OBOMCTBEHHOCTb Npupodbl. OnTnyeckoe nanyvyeHne conmxaeTt ero ¢ NHbIMU
obbekTaMu MMKpomMmpa n HaxoauT obLiee oObsACHEHME B KBAHTOBOW MEXaHUKE.
CKOpOCTb pacnpocTpaHeHUs1 ONTUYECKOTO U3MyYeHNs B BakyyMe (CKopocmb ceema)
- okono 3-10% m/c. B no6on apyroi cpeae cKopocTb ONTUYECKOro U3NyYeHus
MeHbLUE. 3Ha4YeHue rperioMeHuUs rnokasamersris cpeabl, onpeaensieMmoe
OTHOLLUEHNEM 3TUX CKOPOCTEN (B BakyyMe 1 cpeae), B obLiemM criydae HeoguHaKkoBO
ONKA pasHbIX OANMH BOMH ONTUYECKOro U3Ny4eHus, YTo NpMBoanT K AUCNepcun
OMTUYECKOro NU3Ny4YeHus.

NMpumMmeHeHne: B cenbCkoX03aMCTBEHHOM
NPOM3BOACTBE UH(paKpacHOe nUsnyyeHune
NCNONb3YT B OCHOBHOM s oborpesa
MOJSOLHAKA XUBOTHbIX U MTULbI, CYLLKUN U
OEe3NHCEKLNN CeNnbCKOXO3ANCTBEHHbIX
NPOLYKTOB (3epHa, (PpyKTOB U T. 4.),
nacTtepusauum Mosioka, CyLLKM JlakoKkpaco
HbIX U NPOMUTOYHbIX MOKPbLITUNA.




YnbTpadnoneTtoBoe nany4veHme.

YnbrpadmonetroBoe nsny4veHue (ynsrpadpuonert, YO, UV) —
SNEeKTpoOMarHMTHoe naryydeHne, 3aHnmMmaroLlee ananasoH Mmexagy ruoneTosom
rpaHnUeEn BUOMMOTO U3ITyHeHNSI U PEHTIEHOBCKUM n3ny4vyeHnem (380 — 10 Hm,
7,9-10'* — 3-10" I'u). AnanasoH ycnosHo aenaTt Ha 6avkHuin (380—200 HM) U
AanbHUK, N BakyyMHbin (200-10 HM) ynsTpadpuoneT, nocrneaHn Tak Has3BaH,

MOCKONbKY MHTEHCUMBHO MOTNOLAaeTca aTMOCepPOn U UCCReQyeTCst TONbKO
BakKyyMHbIMK npubopamu.




CBouncTBa ynesrpadnosieToBoro n3ny4yeHus.

Bbicokasa xummnyeckast akTUBHOCTb, HEBMANMOE, bonbluas NpoHMKatoLas
CNOCOOHOCTb, YOMBAET MUKPOOPraHn3mbl, B HEGOMNbLLUNX J03ax BnaroTBOPHO
BNUSIET HA OpraHn3m Yyenoseka (3arap), HoO B 60MbLUNX JO3aX OKa3bliBaET
oTpuuaTenbHoe buonornvyeckoe Bo3aencTBme: NBMEHEHNS B PasBUTUKN KITETOK U
obmeHe BellecTB, AeWUCTBME Ha rnasa.

KoapdoumumeHT oTpaxkeHns Bcex maTepuarsros (B TOM YMucne MeTansos)
YMEHbLUAETCS C YMEHbLUEHUEM ANUHbI BOMHbI N3ITyYEHUSI.

NnvHa BonHbl oT 10 — 400 HM. YacTtoTa BonH ot 800*10'%- 3000*10"3 Iy,

CnekTp 3neKTpoMarHMTHbIX BOSIH

¥ nbTpaduvonetoBoe UsnyueHue

AvMOe U3nyyeHuve
PaavousnyueHue

Obnacrtb vHibpakpacHoro Tenna




[TpmeHeHne ynstpadononeToBoro U3nyyYyeHus.

JlTamna 4€pHoro ceeta — namna, KoTopas U3nyyaeTt NPENMYLLECTBEHHO B
OJIMHHOBOSTHOBOM ynbTpadouonetoBon obnactu cnektpa (ananasoH UVA) n gaet
KpanHe maro BMaMmoro cBeTa.

[na 3awmnTbl LOKYMEHTOB OT NOAAENKM NX YacTo CHabXatoT ynbrpadpuoneTosbiMu
METKaMM, KOTOPble BUOHbI TOSIbKO B YCINOBUAX YIbTPAdUOIETOBOrO OCBELLEHUS.
O6es3apaxmBaHue ynerpadumoneTtoBbiM (YP) nsnyvyeHnem. Ctepunusayms
BO3dyxa W TBEPAbIX NoBepxHoCTeN. [le3anHdpeKkumsa Boabl OCYLLLECTBIAETCS
CNocoboM XJSTOpMpOBaHUS B COYETAHUN, KAk NpaBuio, C 030HMPOBAHNEM UM
obe33apaxuBaHnem ynerpaduonetoBbiM (YO) nanydeHmem. XmuMmM4eCcKknin aHanms,
YO-cnektpomeTpus. YP-cnekTpopoToOMETPUS OCHOBaHa Ha 0bny4yeHun BellecTBa
MOHOXpOMaTn4eckum Y®P-nsnyyeHmem, arnHa BosriHbl KOTOPOro U3MeHAETCH CO
BpemMeHeM. BellecTBo B pa3HOW cTeneHn nornowaet YP-nsnyyeHume ¢ pasHbiMn
OnnHamMu BOSTH. ['paduk, No ocu opanHaT KOTOPOro OTIOXKEHO KONMUYECTBO
NPONYyLLEHHOMO UMK OTPaXXEHHOIo U3Ny4YeHunsd, a No ocn abcumncc — AsiMHa BOSHbI,
obpasyeT cnekTp. CnekTpbl YHUKaNbHbI A9 KaXX40ro BELWEeCTBa, Ha 3TOM
OCHOBbIBaeTCA UAeHTUdMKaLUUA OTOESbHbIX BELLECTB B CMECU, a TakKe UX
KonnyecTBeHHOE namepeHme. Jloena HacekomMblx. B meguumHe (obessapaxuBaHue
noMeLLeHuns).
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[aMmma-nsnyyeHue.

NamMma-nsnyyeHue (ramma-ny4m) — BUA 9NEKTPOMArHUTHOIO N3yyYyeHus ¢
ypesBblYanHO Marnon AMHONM BorHbl < 5-107° HM ©, BcneacTemne atoro crnabo
BblpaXX€HHbIMW BOSTHOBLIMW CBOMCTBaMW. Ha wiKarne anekTpoMarHUTHbIX BOSTH
raMmMa-nany4yeHne rpaHnymT ¢ PEHTreHOBCKUM U3Nny4YeHuUeM, 3aHnmas gmanasoH
Bbonee BbICOKMX YacTOT 1 aHeprmin. B obnactn 1-100 kaB ramma-unanyyeHune u
PEHTrEeHOBCKOE U3MydeHne pasnnyatoTCa TOSbKO MO MCTOYHUKY: €Cli KBaHT
n3nyyaeTcsd B A4epHOM nepexone, To ero NPUHATO OTHOCUTb K raMMa-n3nyyeHuto;
ecrn npu B3anMoLeNCTBUAX 3MEKTPOHOB UMK NMpu nepexonax B aTOMHON
9NIEKTPOHHON 060SI04YKE — K PEHTIEHOBCKOMY M3nyveHunto. C TOUKM 3peHNst OU3KKN,
KBaHTbl 3NEKTPOMAarHMTHOIo U3yyYyeHns ¢ OAMHAKOBOW SHEPrMen He OTNINYatoTCA,
NO3TOMY Takoe pasfeneHune yCcrioBHO.

N




CBoucTBa raMmma-manyyeHums.

[amMma-ny4yu, B OTNMYMeE OT a-riyden n 3-nyden, He OTKITOHAKTCS 3NeKTPUYECKUMM
N MarHUTHbIMW MONSIMU, XapaKkTepusyoTcs bonbLuen NPOHUKaKLWeEN CrnocCOOHOCTLIO
NPW paBHbIX 3HEPIUSX N MPOUUX paBHbIX ycnoBusix. OCHOBHblE NPOLECCHI,
BO3HMKalOLLME NPU NPOXOXKOEHNN raMMa-n3nyyYeHns Yepes BeLLeCcTBO:
dOoTO3dhPEKT - SHEPITNA raMMa-KBaHTa MOrnoLaeTcsi 3NeKTPOHOM 0DO0ST04KN
aToma, U 3NeKTPOH, coBepLuasa paboTy BbiIxoda, NOKMOAET aTOM, KOTOPbIN
CTaHOBUTCH MOHMN3UPOBAHHbIM;

adhdbekT obpazoBaHUs Nap - raMMa-KBaHT B Nosie siapa npespallaeTcs B 9fIEKTPOH
N NO3UTPOH,;

aaepHbI OTO3IMAEKT - MPU IHEPIUAX Bbllle HecKonbkmnx aecsatkos MaB ramma-
KBaHT COCOOEH BbIOUBATL HYKIMOHbLI U3 siApa.

Al




I'Ipl/lmeHeHme raMmMma-n3riyvyeHn4.

[[amMma-gedeKTocKkonusa, KOHTPOSb U34enunin NpocBevYnBaHUEM Y-IydYamu.
KoHcepBupoBaHue nuLleBbIX NPOaYKTOB.
CTepunusaumsa MeguumMHCKNX maTepmnanos 1 0b6opyaoBaHuA.

JlyyeBas Tepanus.
[[@aMMa-BbICOTOMEpP, U3SMEPEHME PACCTOAHMUA 0O NOBEPXHOCTU MPU NMPU3EMITIEHUN

CMyCKaeMbIX KOCMUYECKMNX anmnaparos.
[aMmma-cTepunuaaums cneuumn, 3epHa, pbidbl, Maca 1 Apyrux NpoaykToB As
YBEITMYEHMNS CPOKa XPaHEHMUSI.




Cnacmnoo 3a BHMMaHue



